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Effect of Sublethal ULoses of Batullna) Toxin oo t4s OF4 ani
Iollowing Multiple Acministrationa
' By: K.I. MATVEEY '

GAMALEI’S Institute of Epildemiclogy and Microbiology, Acadesy of _
Medical Sciences, USSK

(Received March 5, 1958)

{Translsted by: Edward Lachowioz, Maryland, Hodicnl-&ognl 7 ouny-
dation, Inc., 700 Flest 8ireet, Baltimore, Marylend, 27202)

The Question of the e fect of eudlethal doses of exotoxins
on the organism bas burely beey clarified in the literature since |
EEHRIEG (189)) detected this parsduxical phencaencn. The msture . °
of the phenomenon ‘e confined to the fact that if anizmals receive '
aultiple samall doses of diphtheria or tetanus toxin;. they acquire
a h{gh sensitivity to theae pojisons., At the same time, nntituiin
in animals’ Ddlood nny.ooeur ia a quentity that is fully suificient
to noutralis; sany fatal doses of the toxin involved, Kulsipls ade
h;nlotrution- of snall doeses of t0xin cause usus) clinical memi-
festaticas that are charscteristic of reactions %0 exotoxine,
BEHRING , explaining thio phenomenon stated that, during 1i-a-
nization process by toxinim anxnn&u acquire not only smsunity, s
inoreased sensitivity as well. According to B.P.GAMALBI (9939),
after injection of mulitiple sasll doses 6t,toxin. the rosultans

daath of antmsls iz c2plainsd by e
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Ssut el WETVOUS Syviem. It sewms o us tbai the laster expla- :
pation is most acourate, inasmuch as ~aly aeurotrophic toxine s
poseess the oharecteriotice that tend to induce tue BERRING phe~ '
nomexocn,
In 19)6, when MINRRVIN and KOTLYAROVIKAYA administered sub=
leth2] dones of toxin in orxrder to develop experimentsl botuliem
in anizals that were infected wiih spores, they disclsoeed ¢ greater
" significence of this faotor in the pathogenesis of botulism, We . :
deternined (1947)‘ that anisals perished due to bctnun after thq l
received mnpu sublethal doves of $.e toxin, _
The developaent of increased sensitivity to smsll doces of
. bacterial toxima pleys an uportnnt role in the p.thogonn:a of
tonnxooum. Pathogenic causes of this phenomenon were studied
. 4n expurisents with diphtheris toxine (ERAVCHENXO and GALANOVA,
1948; MATVERY and BULAPOVA, GINDIN, 1949 KOLESHIKOYA and MATYERY , -'0

1351) and with tetamue toxine (MATVEEY and BULATOVA , 1950')3 MOR-
GUNOY end EEATUNTSEV, 1955).

- fAARANY . s _a s . °
. SDICDCVERIL {155C) eapiained ine phenomencn of inorecssd

eenvitivity by sunsation of -tu\untouﬂ after multiple adainie-
tuucu'ot’ sublothal 4dcaes of toxins. NOKGUNOY and KRATUNTSEY
(1954) sxplained by botulinal toxins of the A end B types the immu~
wqu spocificivy u.ohuted pith this paradoxioal sensitivisy . | :
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°) - Beo Poko xm;ouovsxx's bookt "Prodles of rewctivity’ in otudies
" ot m.ntu snd Mty'. 1950. pe9l.
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Pish At first, we pretitrated a
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of satinulations reets at ths foundati.n of this phencaenon,

In conncetion with the fact that tde problem of the effeet of
sublethal doses of botulinal toxins on orgsniss (followiag sultiple
adninistrations) still remains insuffiotlently clarified, we made |
comparative studics of the ! BHRING pho@onon using three types of
sninalse, ‘ _

The firet series of experiments ware carried out on guinea
lethal dose for e guinea pig
(hypoderzic administration); it contained & 4ry botulimal toiin
‘of the 4 type previously procibiutcd with sunonium sulfate. We .
took aessures with the pﬂoiﬁiution of the toxin to decresse the
sdaixture of impurities ocowrring in the asdium. Tho establishod
fatal doso was diluted with a physiological solution 50, 100, '990.
1,000 and 3,000 times, Guinea pige received daily ¥50, ¥100, ¥%00,

¥1,000 or ¥3,000 of & dose, Prom 3 tc 10 LnJo’afiou were necessary
~ (eee Tadle 1) in order to develop the symptoms of bctulh. An

:u( nes nd‘a= .s‘- ',: _____

> 3 te 10 ds,-.., whaa She '
quantity of the alministered toxias comprised al&ogathor &%, Blso.

/100, 10/100, or evean 47500, 5/1,000 m Vs,ooo of the fatal 4owe,

. A% the ocams uime, a typioal oclinmical /plqturo of bdotulism dmlopod
) gradun,yx dyspoea appesred, thon woeakening of tihe musculature

. (muscles bevame puto-uko)' avd, uccnxquny. yaresis wa

oheerved,
Guinsa pige died from bomn“ ou the 2¢ to 29th day of the Mok«- _'
ness, In the course of three experisents ve performed s irestmeat

of anisals with ‘cpeoifie’ serus, but since we iaitiased this late,
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‘survived', hav

. remained alive,

[

‘dﬂﬂl of botu.timi toxin:t & considerable number (39,4%) of thea

ny shewn clesrly sxpressed symptoms of botullem,
The third aseries of oxperimente were carried out on mice, In

these oxperiments, baving pretitrated previously s lethal does of

‘dry botulinal toxim, we diluted it with a physiological selution '

10, 20, 30, % and 100 timer,and we administered it daily, subcu-~

‘ tansously, to mice in quantities of ¥10, ¥20, ¥30, ¥50 and ¥100
of the lethal dcose. The mice were resistant to the toxin following

its suitiple séministraiion in sublethal doses, Put, after three
injections of the $oxin in 1 Dim quantity, all 10 sice became sick
froa botuliem and died on the 4th to 6th day of iliness, Ths affects
of a doss equal to ¥2 Jlx cauded death in 5 out 10 mice after 7 '
to 8 days. 4 deily Mua.mnrnion of ¥30 Dlxn to theses animalse

' bxmht alnost ths eame results. Having adminietersd 10 injections
. of ¥50 Dlm to 20 mice, & of them died, whereas sfser 12 injertions

of ¥100 Dix, no visible signs of clesarly manifested clinical symptoss

aadhooard o e B oaem 1A ba

o e e ens D Y - - oo el ommon B A oma AN
UO mou.&w-.w v\ru- W VUSTAVTIUe A

o~ - -1 — A
oA WM --wn&-‘u. &A mave Wi »

received this dou_ ef toxin,showed slight oynpton of botulism, but

All experisente of the third series included 60 mice and 29

of thom died frus botulissm. Thus, we see that more than 5% of the

enisals remsained alive. Conseyuently, mice ware founi to de con-
alderadly more resietani to small amounts of the tozin than ;unos'_
Bige and rebbite. Analigous resuits were obtained im exporiments ' .
on miee witk %0zine of she B, O and B types, ‘

¥
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! “he &nimale aleo ehowed » developsd botulism ~.ckneas sfter

: ' )
ene of sublethal &- ;a8 of hotulinal

puitipie peroral &

toxins. All animalo died that received per o tenthe end hundrethe

portions of one letha) dose of the toxin.

BRI INY SENS

N It ehould be noted that after cov’<ol guinea pigs, radvdite

and mice received a single subouta ./ ous or snteral injection of &

whol3 toxic dose that was used f:r o partial wdministretion, boku-

PP P
s

lismx oymptoms failed to develor and all snimale resained alive.

We establiehsd (1947) thit toxins of causstive agents of gaseows
3 gangrene, given in l-lll deav:, did not produce a dovelopaent of
‘hyporoonqitiv;ty in aniasls, This was oub-oqucqtly oconfirmed by
MORGUNOV , EHATUNTSEV and YAGUI {1954).
i OSTRY1, SOBIEVA and ALIiY (1956) proved that the process of

i

] (:> sunmation of pathogenio nsu.al sennitizations, following sdainie-
tration (in ajcrointerveis of time) of sutliminal doses of toxime c:
“thut cause gaseous genirens, may leud the organiss to & fatel ous-

come .

In order t¢ clarify the effectiveness of the action of sud-

eibnnl doses of SthaT SORIN we capducted expeariments with 4ary

-2

toxins of C1. pirfringonn and Cl., osdematiens, In both instanves
- the ezysrimente were oarried out’ on 15 gutrcu pige. The animele
rsueived a toxin suboutaneously aud dsily in quantlties of ¥20,
. ¥50 and 420¢ of Dlm for one guinea pig. We outained negutive re-
pults in ell instances, even after 15 or 16 injectiona’, ?}olongod

) observations revealed that all animale remained alive and showed
ac symptoas of illness. Only in sporsdic cases in guines pigs that

Wi i
" .

o —ee IS
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tratica of the toxin, A# we pentioned above, antitoxin was abswnt

© . peusialize even one lethal Joae ui tud toxin ror mlcs,

- toxin, we conducted exjerivwents in vessela on rebbita’ ears ac-

receivsd small d4oses of C)l. oedomations we obDSOrved light spasms
end inoonsequential dyspnea, but the latter disappeared quickly.
“Tonscjuently, the oxporm\nto proved that tbs toxinmse of Cl, poer-
fringens and Cl, cedemsiiens failed tu produce ihe BEHR/MG phe.
nomesnsn 1in the orgenism after multiple injections of sasll doses,
.!no indieates thai the phenomenon is caussd only »v toxines with
.“aﬁmtlg expressed neurctropic charsctaristica,
Honce, it 18 obvious froa the performed inveatigations that
imvelved the studies of the EEHRING phenomenon in connsction with
the dotulinal tcxin typs A that, after a multip)e aiministration
‘9f sublethsl dosen of the .toxin to animals, the latter gradually
A«vchm an impasirseprt of importsnt and vital processes, 'whuu
sensed their.death. Wo took an interest in clerifying, whether
any imsunity develups in unimsie following & aultiple sdminis-

in the serws of guluea pigs aiw rabbits thui received muliiple
.esall dosss of the toxini | sl of serunm of theue animals feiled to

In order to deteruine Lhe lLanwicloglcal condition uf the organe
dem of anlpale after multiple administration of small doser of

oording to the methud uf K.AVEOY aud YISEABKI,

_ ¥s carricd cut three groups of sirarisents on rabbits. The
 aniaale of the firet group received sudbcutlanecusly .’ISO Dls daily
0 botulinul tenin Jrejured in broth of ozen’s meet. As 800n 8¢

Zebbits becamo sluggish, Wt tbe sympioms of dotulliem were 20t
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‘dilution we used the RINGER-LOKK solution). Thus, to be ebls o
‘botulinal toxin, we paased through the vessels of one sur o!'
" of tho‘othar ear,

- the queation about the conditions of vesselo Ln rabpvits’ ears on

- he ears of 0xporinoitul ailisals comtfnctoq aildly (dxr 9 ¢ 14%) A }
‘when the solutich of adrenslin wes &pplied, while tue vesssls of i

yet cloaﬂy manifosted, we diwcontinued injectione of the toxin, 0
Altogether, we meds 5 injsotiona and thus we administersd ¥10 Dim,

{ ihe ‘ex eriments in veesele of rabbite’ eare were carried out
during & psric! frem the 5%k o 11th day after the firet adainis-
tration of toxin, The laster ' as proplrok in broth of rabdits’

meat in ordexr to sxuludo a possidility of developament of coaphylaxtis,
Por sxperiments in vesssls we uweeld a dry toxin precipitated with
sasonjum suifate; the toxin was diluted 1:1C0, and later dialyzed

in colloidal kit, at first for 18 to 20 houre aguinst fsucet water
and, subsegquently, for 24 hours aguinst distilled wetar, At the
beginning we passed the toxin through the vesseln ucing the di-
lution of 1150,000 and, ister, that of 1:25,000 and 1:110,000 (for

olaiiry the actual nature of the reaction in rabdbits’ vssasls oa
anisals the solution of the texin, and adrenalin through the vessels

The conducted experiments provided a quite clear answer %o

the 5th %0 Y1th day following tht injsction ¢f toxin, It wae found
thet the veascls in these animals contracted considerably milder .
(by 1.2; 0.4 10%) on th-”}aanihgﬁéf toxin's solutions, than the
veesels of norasl nq}nnlc’(by 24.45 24.3; 25,34}, The vessels in

normal rabbits conirasted very sbazply (by 40.3 to 51.7%). Compe~

ow 10 =eo




R s
| i quuxtﬁixy‘. the mr.nylpmho condition of vassels in radbite’ ears
"aftor dally oubleihal dcoes of the toxin depenied on a prior con-

traction under the effects of the toxin,
The ésoerided experiments proved how protound wers the changes

. shat took piace in the orgsanies of animsle follovwiig <3 mdminie~

tratioz of very saall doscs of {be tox‘zn. Ibe process was mcucT s~
'uu aot only hy 4isorders in rpyogonic tonur emd .qyunounl conneo t~
\ ions, but aleo uy & consideradls ohange in tonus of the vasculs:
] o - systea.
' ' In the se00nd group of experiments 9 rabbits reoceived ¢aily
¥100 Dlm of the toxin eesh until the dotulisas symnptons e.ypomd
. in animals, After 7 %c¢ 11 injections of the toxin, only 5 rabbite
_ eurvived out of 9, The swrviving 5 rabbits, having recoversd within
8 38 %o 4 caye, ware sudjected immediately to an ¢experimeat in
;nmll_l of animila’ ears. The results orf these expsariments sppoared
" %o be coapletsly different from thoss obteinsd with the firet group
' of azninels, The vessels in rebbits’ sars reacted considerabdly nud'u

"on pasaing of solution of the toxin; at the samc time, they reacted

¢n solution of adremslin slmost 1ike the vessels in norsal anisals,

- Obe oan oconsclude frow this that, as a result of injactions of small
L2~ doses of texinm te rebbits, the latter showed, at firet, s sharp

' - gontraction of v.«u‘_lo. but, after a prolcaged time, the celle Go-

Yeloped an imsunity t0 botulinel toxin ia smooth susculsturs of the
' vessels, ‘ '
' - Deesuse tha queied data were obtained with wﬂoxwtaou of
& lialved mmder of iuvolved uu-u. we docided 10 degis the Shird

,' ‘l

a <A',: ‘,’ .
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e o
; - group of experiments. using 33 rebdite., In these experiments we 0
| used animale, which recoversd from bdotulisam after they received

sublethal doses of the toxin in order tc produce the REHRING phe-

nozenon (ses Table 2). All srimale,that received 8 o 11 injectiond
\/ of ¥100 Plm of the toxin, beceme sick from botulies and 20 rabdlits

died out of 3. .Then, 26 t¢ 46 days lster, we conducted experiments

in vessals of aplaals that survived the firat injection of ths toxin;

she sxpsriaents wers carried out socording to the method of KRAVECY

and PISEMSKI, We passed a solution of toxin through vessels of one

eur and & aolution of adrenalin through vessels >f another ear, The

icoulto.provn& tc bs analogous to the yrﬁvlouo results: the vessels

in the ears of rabbits thot survived sultiple injections of smail

doses of botulism recoted ou dilutions of this toxin leas coutely
O e the vesseis of normal animels. The contraction of vess )a in .

rebbits,that receivad sublethal doses cf the toxin for a prolongad ‘:’ | e

time, reachsd 10, 10.5 and 13.8%, while in anizsls that receivad '

" adrenalin, the precentage was 38, and frow 37 to 5. The contraot-
' i5o o2 vseczel2 in mormal robbita on the same doses of $0zin wee
. 20.7, 29,7 and 24.3%, i.0. 1t was two times stronger; tham, the
I 32.3 to 48,2% contraction on sdrenclin was almost the same as
| that in @ninals which received ths toxin.
The discussed reoults offer & feamon to & cleinm that, after

" soms $ime following administration of ssall dosex of toxin, inau- B

nity develops in rabbits in the cells of sazcoth aussulasure im . ; )
vesaels, Tho oondition of imoreased #ensitivity t0 the toxin (eharp ; g
ccairaction of vessels) that prevails as 7iret, chenges subme-
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Quensly ‘%o ‘iasunity of vesasls to botvlinal toxin, At the same time,

- she eccusulation of antitoxin ix the blood in a quantity suffioient

(YA ™

" gor deteotion with the aid of neutralization resction -~ doss not
* 4ake place In thise oase, the imsunity cof tisoues was not dependeat

oa the prewercs of matibodies.
It ie obvious from our investigations that betulinal toxins,

" sdministered in multiple and very small doees, cen injure an organ-

i0a and cause its destruction. This was alac verified dy GUYTON
and MoPOEALD (1947); their data indicate that, 0,1 of one moisoculs

" of the toxin type A, applied ic one neural end plnto,Aie sufficient

"t0 ocause histologiocal ohanges thers. At the samd time, no disorders

1D neural ocnduotivity coour, howsver;in the myoneural oonneotion,
an important and vital process is disturbed, whioh ie comnected

" with the production of acetylcholine,

Yoliowing a aultiple aduinistration of botulinai toxln in ine

- eignificant doses to animals, the latter may suffer profound dis-

orders in impo-tant and visel procecses of the central and peripier=-

- al mervous system. a well as in other tissuss.and this cavses death

of animalis. All this aougzests & supposition that the toxir ie an

. antimetadollite} while soting on the organiem, it impairz the L

processes of metaboliam, conssquently the physiological funection of
cells axd tissuss is disturied in the organisa, Therefors, after

& sultiple sdministiration of subliothal doses of toxins in gur ex- -
3§:xnmntl, & suamation of injuries and destructicas ;ouultod in
{!anoural ocuneotions and in other physiological processes of the

., eRgsAlsE, Yot 3OS & suamation of stinulations. Wish an inorossed
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edminiatwretion of small 4cos2 of toxine evoksd eli Fesultant ene

larged injuries in tissaes of the organism,

. The results obtained dy us are important to interpretation
5 : of the pathogenawis of intoxiocation from fanod poisonings by Ci, b
" botulinum., It is obvious from the conduoted investigations that, |
to cause & sickmess in msn and animale, a sultiple pcisoning with ;
. sublethal doses of botulism is suffiolent,

In £004 poisonings with a short incubation periocd, the firss ,
larger dose of toxin ingested with foodstuffa inte the ouunun' -
omnel"fgi-avo affliotion and, st the samo time, & hizh hypersensi-
tivity in’‘the ‘Organiea of & patient develope to now doses of the

j toxin that ere produced by the microbe, In such instances, the '
c observed bdrief mcu&tton period not always peraite s clarification i 9
_of the role of toxin that is devaloped in the organisa,

in mtmou of poisoning, when the firet dose of toxin $a h-

gested with foodstufts is small, the incubation period laste several :
days, turing this tine, the microbe produces new doses of Soxin 1w

08 Lrkanisia of man and snimelsy thase dosaes sradusiiy affcet tha -

organisa and thus botullaa develops that, in some cases,. results

An destd of a patient, ' \ . }
The ox.poruenu carrisd oat by us ladicate that, h oucb ams,

insignificent quuntitiss of toxi-n'produc!d in the m»ganun " a f '
3 ¥
it

patient,are suffiotent to cnvelop the disease, ‘
' -ruoumu apou.m. instances \'ere slso obes.ved in foed
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poisonings that the botulism d.ssave may develop in people and iu
amisale with & multiple ingestion of any proiuvect, In such camse,

she toxin in & produdt was in small quantities, frequenily not de-
" tectadle with the aid of biological test, or neutralisation roactien

wm mice, or guincs pige. Nevertheless, ifter a multiple adaittance
of szal)l quantities of toxin end when a miocrobe 1is ingested with

foodatuffs, dotulies sickmess develops in the organiss of mam or

...

anisale as a resuit of the ovoked BRHRING phenomenon, Suoh cases

‘ ,mﬁghnﬂs@_‘ig\);qoph who ase for a dally food the same brand of
S  boam, er selty red berring and cther produota of homo canning,

| 1, Following a nulﬁplo sdminissration of sublethal doses of

i .+ ©3. botulimua toxin to guinea pige, rabbits and atos, botuliea dis-
8. ' cane and death resulted, althouvgh the aggregate dose of adminis-

tared dooos was aonsidersdly lowexr than & fatal doss. With a single

‘Mumuoﬂ of the sniire quantity of toxin that was used Zor

- maiiiple injectlicns, animalis involved remained healihy, ,
2. CGuinea pige were the mos: sensitive to multiple sdainis-
trations of sutletbal doser of the A toxin; radbdbito and mice were
less sensitive,
Je Aftor adainistration of small dozea of toxin, the vessels
of cni i ls soquired hurarssnsitivwity at fi.reé and ‘.==-.-.==,‘;t: later,

4. 4 multiple #2fect on organiss oaused by sublethal doses
. of tcxin plays an important role in the pathogenssis of botulisam,
' GAMALRI B.P. Infectice and Imsunity. Koasow, 19139. - SDRGDOV-
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. ‘ copled;

} ‘IM 01, botulinum toxin administered repeatedly to guinea ;m,

" rabbits and mice provokea botuwlisam end death with the wum total

dose of the toxin ndnininto;od being muck below the lsthal one, With

a single administrationpf the totel dose, the animale remained un~
affected. Guinee pigs wers mors sensitive %o manifoid administretion
ét‘ botulinus A 'toxin in sublethel doses ihan rubbﬂp and mice, Whea
i introduoing esmall doses of the toxin, the vesssels first showed an
inoreased scasitivity with mu imsunity dovelopirg at & someukat ..\
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later date. Manifold administration of botulinue toxin in eublothal

d4asen plays an important role in the pathogenssis of botullom,
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